have pointed out the morphologic characteristics of the elastic tissue in the trunk of the pulmonary artery in cases of congenital and acquired cardiopathies. Among 71 "control" cases that were studied, three types of elastic configuration of the pulmonary trunk were described. According to Heath et al., the presence of long elastic fibers, similar to those seen in the aorta, give the pulmonary artery of the fetus and newborn an "aortic " or " fetal " type of configuration. From the sixth month to the end of the second year the fibers appear fragmented and this characterizes the " transitional" pattern. The scantiness and irregularity of the elastic tissue are the main histologic features of the so-called "adult'" type.
IN AN EARLIER study, Heath, Wood, DuShane, and Edwards' have pointed out the morphologic characteristics of the elastic tissue in the trunk of the pulmonary artery in cases of congenital and acquired cardiopathies. Among 71 "control" cases that were studied, three types of elastic configuration of the pulmonary trunk were described. According to Heath et al., the presence of long elastic fibers, similar to those seen in the aorta, give the pulmonary artery of the fetus and newborn an "aortic " or " fetal " type of configuration. From the sixth month to the end of the second year the fibers appear fragmented and this characterizes the " transitional" pattern. The scantiness and irregularity of the elastic tissue are the main histologic features of the so-called "adult'" type.
We have studied the normal variations of the elastic configuration of the pulmonary trunk in a large series of cases comprising both sexes and of all ages. Some differences from the earlier concepts and facts not previously referred to form the subject of the present report. For the understanding of the changes observed under abnormal conditions it is necessary to be familiar with these earlier concepts and the differences now to be described.
Material and Method A total of 443 cases was studied. The ages varied from the first trimnester of intrauterine life to 94 years.
There were 20 cases in the prenatal group, the youngest being a fetus of thie second month and the oldest a premature stillborn weighing 2,350 grams. Four hundred and twenty-three cases of both sexes, ranging in ages fronm birth to the tenth decade of life, were studied. The number of cases at different ages is indicated in table 1.
The most frequent causes of death were accidents in adults and acute bronchopneumonic processes in children. In the majority of these cases the postmortem studies were performed for medicolegal purposes at the Central Morgue of Lima. Cases from the Loayza Hospital and the Children's Hospital of Lima were also included. Great care was taken to discard cases with cardiac malformations or cardiovascular disease.
In 43 cases of the first decade of life the intact hearts were obtained. In these cases, for reasons of a different study,2 the right and left ventricular masses were separated and then the ratio left/ right ventricular weight (Herniann-Wilson index) 3 was obtained. This information has been taken into consideration in the interpretation of results.
In the usual histologic preparations the elastic tissue of the media of the pulmonary trunk and the aorta appears in the form of fibers. It actually constitutes sheets or laminae, the sites of "fragmentation" of fibers representing holes or fenestrations of laminae.4 These facts, in the case of the aorta, have been excellently illustrated by Elias.5 Some previous observations were carried out to verify these structural characteristics. In six cases, most of them less than 1 year of age, several cuts in differently oriented planes to the axis of both pulmonary trunk and ascending aorta were made.
In every case, the appearance of the elastic tissue, in both arteries, was essentially the same in transverse, longitudinal, and oblique sections. This fact agrees with a lamellar disposition of elastic material in the arterial wall. However, some accentuation in the degree of fenestration of laminae could be frequently noticed in the longitudinal sections. To exclude minor changes ascribed to the plane of sectioning, the samples of arterial wall were always obtained from transversal planes of the anterior wall of the pulmonary trunk and right posterior wall of the ascending aorta, 2 to 3 cm. Circulation The descriptions to be presented refer to structure considered in one plane. So we will speak of elastic fibers instead of laminae, fragmentation of fibers rather than fenestration of laminae. It is also necessary to distinguish true elastic fibers from numerous fibrils or filaments of the same material which mingled with the connective tissue and muscular bundles of the arterial wall.
A "blind" study was performned. The sections were labeled with a key number to prevent any information in regard to the case during the study. Then, the type of elastic configuration of the pulmonary trunk was determined in every instance. Cases showing areas of different elastic configuration were classified according to the pattern present in the major part of the section.
Results Prenatal Group
We have not been able to note any difference between the elastic configurations of the pulmonary trunk and the aorta in the course of the wvhole fetal life.
Even in the first trimester of intrauterine life the abundance of elastic fibers in both vessels is striking. These are thin, somewhat discontinuous, and show a winding, concentric course. Particularly in the inner portion of the arterial wall, the elastic fibers adopt a reticular pattern surrounding muscular cells From approximately the fourth month the thickness of the fibers increases, their tortuosity diminishes, and a well-defined parallel disposition is noticeable ( fig. 1B ).
In the last 3 months of prenatal life the elastic configuration of the pulmonary artery and aorta is similar to that observed in the newborn.
The different types of elastic configuration adopted after birth by the pulmonary trunk will now be briefly outlined. Emphasis will be directed toward characteristics not previously mentioned. A number of cases by ages and types of elastic configuration of the pulmonary trunk are presented in table 1. The evolution of the elastic configuration of the pulmonary trunk in the course of postnatal life is illustrated in figure 2 .
"Aortic" Type of Pulmonary Trunk
The pulmonary artery of the newborn shows a great content of long, straight or undulating, parallel and closely arranged elastic fibers, just as in the case of the last trimester of intrauterine life. The designation of pulmlonary artery of the "aortic" type given by Heath precise to speak of "fetal" configuration, since there is not a single elastic pattern in the course of intrauterine life.
The fibers of the pulmonary trunk show less parallelism and regularity in thickness than those of the aorta. As noticed by Heath et al., the degree of fragmentation of the fibers is approximately the same in both arteries.
The " aortic " configuration was observed froni birth to the third month. It accounted for 65 per cent of the cases in this period. The oldest case with the "aortic" type of pulmonary trunk was a 3-month-old boy (fig. IC). In the 24 days following birth this was the only elastic configuration observed. Ninetythree per cent of "aortie" cases were in the first 29 days of life.
"Transitional" Type of Pulmonary Trunk Heath et al.' described the fragmentation of the long fibers meintioned in the preceding type as the main characteristic of this elastic configuration. However, our observations show that not all of those fibers have fragmentation. Attention must be paid to the oceurrence of a 3-month-old boy. Pulmonary trunk of "aortic" type. X 160. D, lower right. Same case as C. Ascending aorta for comparison. X 160. T-Veigert's fuchsin-reso rcin stain for elastic tissue., counterstained wvith Van Gieson's picro-fuchsin. In A the nuclei wvere stained with TVeigert's iron ht ematoxylin.
Circulation, Volume XXVII. June 1963 disintegratory changes without reaching the point of fragmentation of the long fibers. Furthermore it is thought, based on the extent of fragmentation or disintegration, that two patterns or " transitional. models can be Iigr 3distinguished. They are designated A and B. Here, the pulmonary artery shows such a content of elastic fibers that, at first sight, it looks like a ease of the "aortic" type (figs. 4A and 4B). However, a greater degree of fragmentation of fibers than that seen in the "aortic" tvpe mnay be clearly detected.
A combination of long, thick fibers, which resemble those present in the "aortic" model, with others markedly fragmented, is the main characteristic of this elastic configuration.
Long fibers are more numerous than fragmrented ones. The density of the elastic content confers a compact appearance to the mnedia (figs. 4A and 4B).
For this configuration the designation "persistent" has been given because of the abundaniee of long fibers, that are more characteristic of the last fetal period, or, at the most, the 3 months that follow birth.
X.-iw i
The occurrence of a significant number of |ragmriented fibers makes the differenee be-@ A | S i tweeni the ' persistent ' and the ' aortic" type.
On the other hand, the presence of numerous lorig fibers makes the distinction from the two ''tranisitional" models. The richness in elastic miiaterial prevents any possibility of confusion with the "adult"' type. The " persistent " eonfiguration was ob- A 12-month-old boy was the youngest case that exhibited the "adult" type of pulmonary trunk. Over the ninth year this elastic type was the only one observed.
Discussion Most of the changes in the elastic structure of the pulmonary trunk can be interpreted in the light of current physiologic information.
According to Heath et al., the "aortic" type is associated with the pulmonary hypertension present in the newborn.7 A great content of long elastic fibers allows a vessel of small diameter to tolerate a mean blood pressure of about 35 mm. of mercury.8 ' 9 The fact that high pressure determines and maintains this type of elastic configuration is confirmed by the finding of examples of "aortic" configuration, even in adult life, in cases of congenital cardiopathies associated with pulmonary arterial hypertension from birth.' When performing right heart catheterization studies in children with normal cardiovascular systems, Rowe and James9 found that from the second week of life the pressure in the trunk of the pulmonary artery had already fallen to 16 mm. of mercury (mean pressure). If we accept that high pulmonary arterial pressure is the mechanical stimulus that maintains the integrity of the fetal fibers, then the zonal fibrillary disintegration and fragmentation of elastic fibers observed in the "transitional" models might be brought about by the sudden fall of pulmonary arterial pressure that occurs after birth. The partial fragmentation of fibers noticed in the "persistent" type could also be related to this same cause. However, nothing conclusive can be stated at present with reference to the exact physiologic significance of each of the above-mentioned elastic configurations. This is due to the lack of specific hemodynamic information, an almost unsurmountable obstacle. Nevertheless, some insight into the problem can be indirectly gained by studying the left/right ventricular weight ratios in a group of these cases.
As indicated, in 43 cases ranging in ages from 4 months to 9 years, the right and left ventricular masses were dissected, and the Hermann-Wilson index, which relates the weight of the latter to that of the former, was obtained.3 In the group of cases in which the Hermann-Wilson index was determined, the *transitional-A," "transitional-B," "persistent,' and "adult' elastic patterns were present. In no one of these cases was the left/ right ventricular weight ratio out of the normal range ( fig. 5 ). This fact adds support to the consideration that all of the above-mentioned types are normally occurring forms of evolution of the elastic configuration of the pulmonary trunk.
According to ages and to type of elastic configuration these cases were distributed in two groups: from 4 months to 3 years, group I; from 3 to 9 years, group II.
In group I the mean values for the left/ right ventricular weights ratio were 1.70 for "'persistent" cases, 2.04 for "transitional-A" cases, and 1.84 for "transitional-B" cases. The difference between mean values of "persistent" and "transitional-A" cases was statistically highly significant (p < 0.001). No significant statistical difference was encountered on comparing "persistent" versus "transitional-B" mean values (p < 0.10) or " transitional-A " versus "transitional-B" mean values (p < 0.70).
In group II, the mean value of the Her- With the foregoing informatiomi a correlation between changes in the elastic configuration of the pulmonary trunk, the Hermann-Wilson index values, and hemodynamic phenomena has been attempted. An interpretation of the histogenetic evolution of the elastic configuration of the pulmonary trunk, based on this reasoning, is proposed in figure 6.
A great content of long elastic fibers and significant lower values of the Hermann-Wilson index, as observed in "persistent" cases, would be in relation to a postnatal fall of pulmonary pressure detained at the highest levels of normality.
The marked fragmentation of elastic fibers and the highest normal values of the Hera (Birth -3mth) A (1-96yr) Figure 6 Pathways of normal histogenetic evolution of the elastic configuration of the pulmonary trunk; a, "aortic"'; P, persistent; TB, transitional-B" model; TA, "transitional-A" model: A, "ladult" type. The age ranges of these types are in parentheses. manrn-Wilson index observed in eases with the " transitional-A" model, can perhaps be explained by a pronounced postnatal fall of pulmonary pressure, which reaches to the lowest levels of normality.
In the first 3 years of life, " transitional-B" cases would correspond to pulmnonary pressure levels between those that determine the " persistent " type and " transitional-A "' model. From 3 to 9 years, " transitional-B " cases were found to have values significantly lower in the Hermann-Wilson index than in cases with the "adult" type of pulmonary trunk. This finding suggests that, in this period, they eorrespond to the higher normal figures of pulmonary pressure. It may be that some of these cases actually represent an advanced stage of the "persistent " configuration, as suggested by the almost equal values in the Hermann-Wilson index. The fact that after the eleventh month of life, the proportioni of "transitional-B" cases increase while "persistent" cases become m-ore scarce (table 1) would favor this possibility. Furthermore, the "transitional-B" pattern has been occasionally observed in zones of cases of the "persistent" configuration (figs. 4B and 4C).
Finally, according to Heath et al., the "adult" type of pulmonary trunik is related to the low level of arterial pressure normially existing in the lesser circuit; a highly rich elastic aortic media reflects a pressure five to six times greater in the systemic circulation. Summary A study of the elastic configuration of the pulmonary trunk was undertaken in 443 normal autopsy cases, ranging in ages from the second month of intrauterine life to 96 years.
It has been shown that during the whole of fetal life the elastic configuration of the pulmonary trunk is similar to that observed in the ascending aorta.
The "aortic" configuration of the pulmonary trunk, which is characterized by a great content of long elastic fibers, was observed in the first trimester of life, especially in the 29 days that follow birth.
Two models of the "transitional" config-Circulation, Volume XXVII, June 1963 uration have been distinguished. The "transitional-A" model is characterized by a marked fragmentation of the elastic fibers. This elastic pattern has been found between 25 days and 3 years. In the " transitional-B" model most of the fibers are partially disintegrated but not fragmented. Cases with this characteristic were found from 1 month to 9 years.
The "adult" type of pulmonary configuration, which exhibits a poor content in elastic tissue, was already present in the twelfth month of life. Over the ninth year it constituted the totality of cases.
A fourth elastic configuration has been added to the already known "aortic, " "transitional," and "adult" types. The designation of "persistent" given to this elastic type alludes to the presence of numerous long elastic fibers that are more characteristic of the "aortic" type, alternating with others that have suffered fragmentation. Cases of the "cpersistent " type were found from 1 month to 5 years.
A hemodynamic interpretation of the changes observed in the "transitional" models and "persistent" configuration is proposed.
